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■r^J- ■ We show that a supersymmetric standard model exhibiting anomaly mediated supersymmetry 

o 

breaking can generate naturally the observed neutrino mass spectrum as well mixings when we 
include bilinear i?-parity violation interactions. In this model, one of the neutrinos gets its mass 
due to the tree level mixing with the neutralinos induced by the i?~parity violating interactions 



while the other two neutrinos acquire their masses due to radiative corrections. One interesting 
feature of this scenario is that the lightest supersymmetric particle is unstable and its decay can 
be observed at high energy colliders, providing a falsifiable test of the model. 
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I. INTRODUCTION 

There have been many experimental results in neutrino physics [1] which have established 
the pattern of neutrino oscillation and masses, clearly requiring physics beyond the standard 
model (SM) to explain it. In general, neutrino oscillations are parametrized by three mixing 
angles, with two of them large, as opposed to the quark sector where the mixing angles 
are all small. Moreover, neutrino oscillations depend also on the mass squared differences, 
and we have learned that the mass difference corresponding to the atmospheric neutrino 
oscillations is much larger than the corresponding one to the solar neutrino oscillations [lj]. 
The analysis of the solar neutrinos leads to the 3a level limits P] (see also 0) 

0.23 < sin 2 9 sol < 0.37 
7.3 x 10" 5 < Am s 2 ol < 9.1 x 10~ 5 eV 2 (1.1) 

while the atmospheric neutrino data shows that 

0.34 < sin 2 9 atm < 0.66 
1.4xl0~ 3 < Am 2 tm < 3.3 x 10" 3 eV 2 . (1.2) 

Despite the lack of direct experimental evidence on supersymmetry (SUSY), supersym- 
metric models are promising candidates for physics beyond the SM. It is an experimental 
fact that SUSY must be broken if it is realized in nature. Here, we consider the anomaly- 
mediated SUSY breaking scenario (AMSB) where the supersymmetry breakingin the hidden 
sector is transmitted into the observable sector by the Super- Weyl anomaly |4|. Below the 
compactification scale, the model is described by an effective four dimensional supergravity 
theory, where the soft supersymmetry breaking parameters are generated beyond tree level. 



Without further contributions the slepton squared masses turn out to be negative. T 



ms 

0. 



tachyonic slepton problem can be solved by adding a common scalar mass to all scalars 

It has been suggested a long time ago that supersymmetry and neutrino masses and 
mixings may be deeply tied together [jj. One way of giving mass to the neutrinos in su- 
persymmetric models is via Bilinear i?-Parity Violation (BRpV): in such model, bilinear 
terms which violates lepton number as well as i?-Parity are introduced in the superpoten- 
tial Uls,!^. As a consequence, one neutrino acquires mass at tree level due to a low energy 
see-saw mechanism in which neutrinos mix with neutralinos. The other two neutrinos be- 
come massive via one-loop corrections to the neutralino-neutrino mass matrix [10|. 



It has been shown that BRpV can be successfully embedded into models with AMSB 



11 1 giving rise at tree level to a neutrino mass compatible with the atmospheric neutrino 
mass scale. Here, we generalize this model including lepton number violating interaction 
in the three generations and we show that the inclusion of one-loop corrections to the 
neutralino-neutrino mass matrix leads to a neutrino spectrum and mixings compatible with 
the available data. This is non-trivial since the radiative corrections depend on the SUSY 
spectrum and it is not clear a priori that the corrections will have the required properties 
after we impose the existing limits on the SUSY mass spectrum. 

This paper is organized as follows. In Section |H] we briefly show the principles of the 
AMSB-BRpV model. In Section 11111 we discuss the effects of BRpV on the neutrino mass 
and mixing angles. In Section HVI we present our reference scenario and its main properties. 
The results for an AMSB model exhibiting BRpV are presented in Section|Sand we conclude 
in Section EH 



II. THE AMSB BRPV MODEL 

The superpotential of our BRpV model includes three parameters with units of mass 
not present in the MSSM 

W = W Y - fiH d H u + eiLiHu , (2.1) 

with Wy including the Yukawa interactions. The e terms violate lepton number and R 
Parity and satisfy |ej| <C //. The appearance of i?-Parity violating bilinear terms and not 
trilinear terms can be justified in models with a horizontal symmetry Q], or in models 
with spontaneous .R-Parity breaking In addition to the q terms in the superpotential, 
we must add the soft lagrangian bilinear terms proportional to Bfy. For our purposes the 
relevant terms are 

V soft 3 -BfiH d H u + BiEiUHu + m 2 Hd H*H d + m 2 L .L* i L i . (2.2) 

In principle, it is possible to redefine the superfields in order to make BRpV terms disappear 
: rom the superpotential, however, they do not vanish from the soft lagrangian simultaneously 

The scalar potential of BRpV models is such that the sneutrino fields acquire a non zero 
vacuum expectation value Vi that leads to the generation of neutrino mass and mixing angles. 



Even in the basis where the e« terms are removed from the superpotential, the sneutrino 
fields acquire non-zero vev's v\ ~ (e^f d + ^v{) / fi [10( which, from the minimization of the 
scalar potential, can be shown to satisfy 

e, ATT^iA^tan^ 
v i~ ZVd p 2M| i+ m|cos(2^) ^ 

with Amf = M|. — m^ d and A5j = Bi — B. Since there is no reason to assume that these 
differences are zero at the weak scale, the sneutrino vev's are not zero either. 

The parameters defining our BRpV-AMSB model are the usual ones in AMSB models 

m o , m 3/2 , tan/5 , and sign(/i) , (2.4) 

where the scalar mass tuq and the gravitino mass m 3 / 2 are given at the unification scale. This 
set of parameters is supplemented by the six BRpV parameters q and Bi. It is advantageous 
to trade Bi by a parameter more directly connected to the neutrino physics observables, 
therefore, we shall choose the parameters A; defined below instead of Bi as input parameters. 
One of the virtues of AMSB models is that the SU(2) <g> U(l) symmetry is broken radiatively 
by the running of the parameters from the GUT scale to the weak one. This feature is 
preserved in our model exhibiting BRpV. 



III. NEUTRINO AND NEUTRALINO MASSES 



In the basis ip 0T = (—iX', —i\ 3 , H}, v e , u^, v T ) the 7x7 neutral fermion mass matrix 



Mm has the see-saw structure, at tree level, 



M 



N 



M x o m T 



m 



(3.1) 



where the standard MSSM neutralino mass matrix is 



M x0 - 



M x -\g'v d \g'v u 







i „/„ 



M 2 



\gv d -\gv u 



i 



- Q.9 V d 29 V d 
1 



(3.2) 
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and i?-parity violating interactions give rise to sneutrino vev's and mixings between neutri- 
nos and gauginos/higgsinos: 



m 



■hg'vi hgvi £1 



1 g'v 2 hgv 2 e 2 



1 g'v 3 hgv 3 e 3 



(3.3) 



2 y ".i 21 

Due to its structure exhibits just one massive neutrino at tree level while the other two 
remain massless. The degeneracy of these two states is lifted when we include the one-loop 
corrections to the neutral fermion mass matrix. 

In order to get some intuition on the main effects of BRpV, it is instructive to analyze 
the limit |e^| <C n where we can perform a perturbative diagonalization of the neutralino- 
neutrino mass matrix in terms of the parameters [jj 



f = m • Mj . 



(3.4) 



In this approximation M/v is diagonalized by the rotation matrix 

TV* - 



y v S " v 



(3.5) 



where iV* diagonalizes the 4x4 neutralino mass matrix M. x q and V v diagonalizes the effective 
tree level neutrino mass matrix 



M eff = -m M^i m 1 



-1 ™T 



(3.6) 



Within this approximation [lfj, it can be shown that the atmospheric mass scale is 
adequately described by the tree level neutrino mass 

M l9 2 + M 2 g' 2 



m 



tree 
^3 



4A r 



■|A|' 



(3.7) 



where Aq is the determinant of the neutralino sub-matrix Ai x o and A = (Ai, A 2 , A3), with 



Ai = fiVi + tiV d ps /if • 



(3.8) 



and the index i refers to the lepton family. Due to this direct relation between neutrino 
mass and Aj, from now on, we eliminate the B t as independent parameters in favor of Aj. 
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Moreover, the mixing angles between the massive neutrino state and the tree level massless 
ones are given approximately by 

tan# 13 = . 1 and tan #23 = —~r- . (3.9) 

V / AiTAi "' A 3 

The one-loop corrections to the neutralino-neutrino mass matrix in the presence of BRpV 
interactions have been evaluated in Refs. 10]. The mixing of neutrinos with gauginos and 
higgsinos due to BRpV leads to effective interactions neutrino-quark-squark and neutrino- 
lepton-slepton. These vertices give rise to squark-quark and slepton-lepton loop contribu- 
tions to the neutrino mass matrix that are proportional to the i?-Parity violating parame- 
ters, vanishing when i?-Parity is conserved [lOj . In the approximation that only the bottom 



quark-bottom squark loop gives a sizeable contribution to the one-loop corrections to the 
neutrino masses [la], the scale of the solar neutrino mass is given by 

|e] 2 

m vi oc — m b , (3.10) 

while the solar mixing angle is 



tan 9 12 ^ 



where e« = tree ej . (3-H) 



Still within this approximation we have 

ei(A! + A!)-Ai(A 2 e 2 + A 3 e3) 



A| + AI JAl + Al + A. 
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h = As ; 2 = Aa£3 , (3.12) 



A-e 

£3 = 



'A? + A| + A| 

These approximations are valid when the tree level contribution is dominant and one-loop 
contributions are small corrections. However, this is not always true as we will see in the 
next sections. In this case, the above formulas are no longer valid. 



IV. REFERENCE SCENARIO 



In order to understand the main features of our model, we considered a point in the 
parameter space which satisfies all the collider and neutrino physics constraints and then 
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explore the parameter space around it. First, we choose an AMSB scenario in which all 

superpartner masses satisfy the present experimental bounds and where we obtain a correct 

I I 

electroweak symmetry breaking; we used the code SUSPECT 17] to compute the two- 
loop running of the parameters from the GUT scale to the weak one. At this scale, the 
minimization of the scalar potential is generalized to include five vacuum expectation values: 
v u and Vd for the Higgs fields and Vi for the sneutrinos. For the AMSB parameters, see 
experimental restrictions on the parameters in we chose 



m 3 / 2 = 35TeV, m = 250GeV, tan/? = 15, and sign(/x) < 



(4.1) 



Second, we randomly varied the parameters 6j and Aj looking for solutions in which the 
restrictions fO} and (jl.2)l from neutrino physics are satisfied. An example of these solutions 
is 



e 1 = -0.015 GeV , 
e 2 = -0.018 GeV , 
e 3 = 0.011 GeV , 



Ai = -0.03 GeV 2 
A 2 = -0.09 GeV 2 
A, = -0.09 GeV 2 



(4.2) 



Eqs. (|4.1|) and (|4.2j) define what we call our reference model. The neutrino parameters 
obtained in this reference model are 



Am atm 


= 2.4 x 10" 


" 3 eV 2 , 


tan 2 #atm - 


= 0.72 , 




Am 2 ol 


= 7.9 x 10" 


" 5 eV 2 , 


tan 2 # so i = 


0.47 , 


(4.3) 








tan 2 6*i3 = 


0.033 , 





which agree with the present experimental results. 

The effective neutrino mass matrix in our reference model has the structure 

~ A 2A A ~ 

M eff 



(4.4) 



2A a b 
A b m 

where m ~ 0.031 eV sets the overall scale, a/m « 0.74, b/m ~ 0.67, and X/m « 0.12 — 0.14. 
As a first approximation, we can neglect the effect of A and estimate the two heavier neutrino 
masses 

1 r i 1 



with the lightest neutrino being nearly massless. Numerically, the approximation in Eq. (|4.5|) 
leads to Am^ tm ~ 2.3 x 10~ 3 eV 2 which is very close to the complete result given in Eq. ()4.3|) . 
Still within this approximation, the atmospheric mixing angle satisfy 

2b 

tan2fl atm ^ (4.6) 

m — a 

which leads tan 2 # atm « 0.68, also in close agreement with the complete result shown in 
Eq. (|4.3jl . However, for the solar mass difference, the A = approximation is not good 
giving near half the correct value in Eq. (|4.3jl . 

In general, the effective neutrino mass matrix at one-loop has the approximated form 

= AAiAj + BfaAj + £i Ai) + Ce^ , (4.7) 

where the coefficient A receives tree-level as well as one-loop contributions, and B and C are 
one-loop generated. Approximated expressions for the contributions from bottom/sbottom 
and charged-scalar/charged-fermion loops to the parameters A, B and C can be found in 
[l^ . For our reference model, we have A ~ 3 eV/GeV 4 , B « —2 eV/GeV 3 , and C ~ 
15 eV/GeV 2 . Therefore, for our reference point, the one-loop generated parameters B and 
C are not negligible, stressing the necessity of using one-loop corrected expressions. 

Some of the entries in the effective neutrino mass (|4.7|) are numerically small for our 
reference model, which allow us to write as a good first approximation that 

AA 2 1 + 2BA 1 e 1 + Ce 2 1 
AA 1 A 2 + B(e 1 A 2 + e 2 A 1 ) + Ce 1 e 2 AA\ + 2Be 2 A 2 ■ , (4.8) 

AAxAg + Ceiea AA 2 A 3 AA 2 3 + 2Be 3 A 3 _ 

where the matrix is symmetrical and we do not repeat the redundant terms. From this ex- 
pression, it can be shown, neglecting the first row and the first column, that the atmospheric 
angle is given by 

tan 26 atm = —— 2 a2 . ■ * 3 . (4.9) 



M' 



cff 



Since only A receives contributions at tree-level, it is no surprise that the above formula 
approaches the tree-level expression in Eq. ()3.9|) when B — > 0. Nevertheless, as we have 
seen, the one-loop corrections to B are non-negligible in our reference model, leading to 
departures from the naive expectations. Moreover, we can also demonstrate that the masses 
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of the two heaviest neutrinos are approximated by 



m V2 , = \A{K\ + A|) + B(e 3 A 3 + e 2 A 2 ) ± \ U(A§ - A 



B(e 3 A 3 - e 2 A 2 



+ ^A|A§ , 
(4.10) 

while the lightest neutrino mass is negligible. Since the values of e 2 and e 3 are much smaller 
than A 2 = A3 in our reference model, the A term gives rise to the most important con- 
tribution. The two neutrino masses in Eq. (|4.10|) are hierarchical, therefore the squares of 



m 



v?, 



and m V2 are a good first approximation to the atmospheric and solar mass squared 



differences. 



V. RESULTS 

Let us initially analyze the dependence of the neutrino masses and mixings upon the 
AMSB parameters. In Fig. ^ it is shown the dependence on the scalar mass m of the 
predicted atmospheric neutrino mass squared difference Am^ tm (red solid line) and the solar 
neutrino mass squared difference Am^ (blue dashed line), for fixed values m 3 / 2 = 35 TeV, 
tan/3 = 15, and sign(/i) < and for the BRpV parameters given in (|4.2|) . As we can see 
from this figure, Am^ tm is a decreasing function of m while Am^ has a more complex 
behavior. 

When the scalar mass m increases the masses of the scalar SUSY particles grow, and 
consequently, decoupling effects make the A term to diminish. In fact all three terms m, 
a, and b in the texture (|4.4|) decrease with tuq. This explains why the atmospheric mass 
decreases monotonically with mo in Fig. ^ Nevertheless, this phenomenon does not happen 
for the solar mass due to the minus sign in Eq. (|4.1U|) which causes the complex behavior. 
For instance, at large mo the square root decreases a slightly faster than the term outside 
the square root, increasing the solar mass as observed in Fig. 

We can also see from Fig. ^ that Am^ tm is within the present experimental bounds 
for mo 1.6 TeV while Am s 2 ol satisfies the experimental constraints for mo ^ 310 GeV 
and 1.4 TeV < m < 1.75 TeV. Therefore, our models lead to acceptable neutrino masses 
provided m ^$310 GeV or 1.4 TeV < m < 1.6 TeV for all other parameters fixed at their 
reference values. It is also important to notice that the heaviest neutrino state has a mass of 
the order of 0.050 eV for our reference point and that it decreases as mo increases. Moreover, 
the radiative corrections lead to a contribution of O(10%), therefore, the tree-level result 
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for the neutrino mass is a good order of magnitude estimative. 

We depict in Fig. |2 the tangent squared of the atmospheric (solar) angle tan 2 6 l atm ( so i) as 
a function of tuq for our reference point. As we can see from this figure, there is a small 
dependence on m of the atmospheric mixing angle and a milder one of the solar mixing. 
Due to the importance of one-loop corrections, the lowest order approximated expressions 
()3.9|) and ()3.11|) do not describe the dependence of the solar and atmospheric mixings on 
the scalar mass mo; in order to understand this behavior we should use the full one-loop 
approximation ()4.9|) . For A 2 = A 3 , this expression reduces to 

AA 3 . . 

tan 26> atm = — . (5.1) 

B{e 3 - e 2 ) 

We checked that there is a clear decrease of the parameter A with m , while B slightly 
increases, explaining the slope in the atmospheric angle curve. We verified further that a 
similar effect happens for 777,3/2, i.e., a very mild dependence of the solar angle and a slight 
decrease of tan 2 # atm with increasing 7773/2, since its tree level contribution to A is inversely 
proportional to the gaugino masses. Note from Eqs. ()4.9|) and (15. 1|) that the fact that e 2 and 
e 3 have different signs is responsible for preventing the atmospheric angle to be maximal 
since A 2 = A 3 in our reference model. 

In Fig.Elwe display the dependence of the atmospheric and solar mass squared differences 
on the gravitino mass 7773/2 for the other parameters assuming their reference values. First 
of all, the observed dependence is much stronger compared to the dependence on m ; this 
is expected due to the large impact of m 3 / 2 on the soft gaugino masses, which together 
with fi define the tree-level neutrino mass matrix. Moreover, the SUSY spectrum has a 
large impact on the one-loop corrections increasing the sensitivity to 7773/2. Both solar and 
atmospheric squared mass differences are too large in the region of small gravitino masses, 
however, this region is already partially ruled out since it leads to charginos lighter than the 
present experimental bounds for 777 3 / 2 < 30 TeV. Conversely, there is no acceptable solution 
for the neutrino masses at large 777.3/2, again a region partially ruled out by data since the 
staus are too light in this region. Furthermore, we can see from this figure that our AMSB- 
BRpV model leads to acceptable neutrino masses for a small window of the gravitino mass 
(33 TeV ^ UL3/2 36 TeV) given our choice of parameters. This is far from trivial since we 
have no a priori guaranty that we can generate the required neutrino spectrum, specially 
the radiative corrections, satisfying at the same time the experimental constraints on the 
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superpartner masses. 

In Fig. |3] we present Am^ tm and Amg 0l as a function of tan f3 with all other parameters 
fixed at their reference values. Clearly, Am^ tm has a very mild dependence upon tan/3 
since it is dominated by the tree level contributions. Nevertheless, Am^ presents a strong 
dependence on this parameter, exhibiting an acceptable solution only for a very narrow 
range 14.8 ^ tan/? < 15.3. This is a consequence of the strong dependence of the radiative 
corrections on tan/5. The effective interaction vbb generated after the diagonalization of 
the neutralino-neutrino mass matrix has a coupling A 333 that exhibits a term proportional 
to tan/3, leading to the observed strong dependence. In other words, the neutrino mixes 
with the higgsino, which couples to bottom-sbottom via the bottom Yukawa coupling which 
increases with tan/?. At large tan/3, the lightest stau become lighter than the present 
experimental bounds, therefore, this region is already experimentally excluded. 

The neutrino masses and mixings present a rich structure when we vary the BRpV pa- 
rameters. We display in Fig. |5] the neutrino masses as a function of e 2 keeping all other 
parameters fixed at the reference value; the smallest mass eigenvalue is not displayed and it 
is usually smaller than 5 x 10 -5 eV. As we can see, there is one eigenvalue of the effective 
neutrino mass matrix that is approximately constant since it is associated to the tree level 
neutrino mass. However, as [ea | grows the radiative corrections start to become important 
and even to dominate; we observe the same behavior of the neutrino masses with e\ and 63. 
This is the origin of the level crossing that we see in this figure. 

Fig. El presents the dependence on e 2 of the predicted atmospheric neutrino squared mass 
difference Am^ tm (red solid line) and the solar neutrino squared mass difference Am^ (blue 
dashed line) for all other parameters fixed at the reference values. The cusps we observe 
in this figure are due to the crossing of eigenvalues of the effective neutrino mass matrix 
and the fact that we order the neutrino masses m Ul < m U2 < m V3 . Moreover, it is clear 
from this figure that the solar neutrino squared mass difference excludes a larger fraction 
of the parameter space than the corresponding atmospheric difference; not only the solar 
squared mass difference is more precisely known, but also the radiative corrections exhibit 
a strong dependence on e 2 . Nevertheless, there are still two regions where both constraints 
are satisfied simultaneously. In the region of this figure where the values of | ea | are small 
we can understand the observed dependence on e 2 : The key element is the fact that the 
term dependent on B in the square root in Eq. (|4.1(Jj) is numerically smaller than the term 
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dependent on A. When this condition is fulfilled the following approximated expressions for 
the two heaviest neutrinos are valid for A2 = A3 

m V2t3 ~AAl + BA 3 (e 3 + e 2 )±AAl, (5.2) 

and as before, we approximate the atmospheric and the solar mass differences by m 2 3 and 
m 2 2 respectively. In this way, the quadratic growing of the solar mass with e 2 is clear, 
and the quadratic decreasing of the atmospheric mass is also clear knowing that the term 
proportional to A is positive and larger than the negative term proportional to B. 

We display in Fig. 0the mixings tan 2 a tm(soi,i3) as a function of e 2 for our reference point. 
Once again, we can see clearly the crossing of the eigenvalues of the effective neutrino mass 
matrix that leads to the cusps in this figure. Furthermore, we observe a sharp peak on the 
solar angle at small values of e 2 which is well explained by Eq. (J3.ll)) that predicts that 
tan^soi diverges for e 2 = e 3 A 2 /A 3 , i.e. e 2 = e 3 = 0.011 GeV for our reference point. The 
one-loop approximation (j3.11)l also describes well the solar mixing for our reference point 
predicting that tan 2 # so i ~ 0.43. Conversely, the behavior of tan 8 atm with e 2 is well described 
by the approximated expression (|5.1|) which predicts tan 2 # atm = 0.68 (1) for our reference 
point (e 2 = e 3 ). Lastly, radiative corrections are also important for tan 2 #13 to satisfy the 
CHOOZ bounds since, for our reference point, the tree-level prediction is tan 2 # 13 ~ 0.06; 
too close to the CHOOZ bound. 

Fig. |H1 contains the neutrino mass square differences as a function of A 3 for all other 
parameters fixed at the reference value; the behavior of Am 2 is similar for Ai and A 2 . In 
this case there is no neutrino mass eigenvalue crossing which reflects in the absence of cusps 
in this figure. Moreover, we can see that the atmospheric mass squared difference is much 
more sensitive to A 3 since it receives a large tree-level contribution. 

We present in Fig. El the mixing angles as a function of A 3 for our reference point. 
Once again, the sharp peak in tan 2 8 so \ is well explained by Eq. ()3.11|) that predicts the 
peak at A 3 = A 2 e 3 /e 2 , i.e. A 3 = 0.055 GeV 2 for our reference point. Another interesting 
feature of this Figure is the peak in tan# atm which is not predicted neither by the tree- 
level approximation ()3.9j) nor the approximated expression taking into account one-loop 
effects ()4.9j) . This can be understood as follows. In the approximated formula Eq. ()4.9j) 
we neglected terms that are small for our reference point. If |A 3 | is decreased, some of the 
neglected terms in the 3,2 entry of M eff , see Eq. (14.8)1 . are no longer negligible. A better 
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approximation for the atmospheric angle is, in this case, 



tan 29 - 2AA 2 A 3 + 2E( e3 A 2 + e 2 A 3 ) 



which predicts a peak for tan 6 atm at 



which agrees very well with the numerical result. Clearly the peaks in this figure signals the 
necessity of using the full neutrino effective mass matrix, as well as the importance of the 
radiative corrections. 



VI. DISCUSSION 



In this previous section we showed that an AMSB model with bilinear i?-parity violation 
is viable, i.e. we exhibit a region of the parameter space where the model predicts neutrino 
masses and mixings in agreement with the experimental data as well as the superpartner 
masses are heavier than the available experimental constraints. Certainly, the most chal- 
lenging point for this class of models is to generate a solar neutrino mass squared difference 
in agreement with data since Am^, is due to radiative corrections that depend strongly 
on the superpartners masses. On the other hand, the connection between the SUSY spec- 
trum, .R-parity violating parameters and neutrino properties allow us to directly probe this 
class of models in collider experiments because the i?-parity violating interactions not only 
might lead to a decay inside the detector of the lightest SUSY particle (LSP), but also it 
can originate new decay channels for the other superpartners. Furthermore, more precise 
determinations of the neutrino masses and mixing angles can be also used to falsify this 
kind of models due to sensitivity of the solar parameters to radiative corrections, and hence 
to the model parameters. For instance, our reference point can be ruled out by improved 
limits, or an actual measurement, of tan #13. 

In the AMSB-BRpV framework, the lightest neutralino presents leptonic decays Xi ~ * 
v£ + £'~ , semi- leptonic ones Xi ~~ vqq or an d the invisible mode Xi ~^ vvv. If its decay 
occurs inside the detector we have to take into account new topologies in the search for SUSY 
since the missing transverse e nerg y is reduced in this scenario as well as there is a larger 
production of leptons and jets In addition to that, the LSP can give rise to displaced 
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vertices which can be used as a smoking gun for SUSY [2Cj; see 21 1 for more studies relating 
neutrino and collider physics. Moreover, in the case of AMSB the lightest neutralino and 
chargino are almost degenerate, implying that the i?-parity violating interactions may play 
an important role in the decay of the lightest chargino (xf). The possible new Xi decays 
induced by BRpV are 

Xi ~> W'vi , 
xf -> Pqq, 

Xi -» ZtvjVk , 

where li = e, fi, r. In order to access the importance of these new signatures for AMSB 



further detailed studies are needed 
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FIG. 1: The red solid (blue hashed) line stands for the predicted atmospheric (solar) mass squared 
difference as a function of the scalar mass for m 3 / 2 = 35 TeV, tan/3 = 15, and sign(/u) < 
and for the BRpV parameters given in (|4.2|) . The allowed 3a atmospheric (solar) mass squared 
difference is represented by the upper (lower) horizontal yellow band. Our reference point is 
represented by a star on the left of the plot. 
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FIG. 2: Predictions of the AMSB-BRpV model for the atmospheric, solar, and #13 mixing angles 
as a function of the scalar mass rriQ for the same parameters as in Fig. ^ The upper and lower 
3<7 bounds on the solar mixing angle and the 3a lower bound on the atmospheric mixing angle 
are marked by the arrows while the yellow horizontal band states for the #13 allowed region. Our 
reference point is represented by a star on the left of the plot. 
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FIG. 3: Atmospheric (solid line) and solar (dashed line) mass squared differences as a function of 
the gravitino mass rre 3 / 2 - The remaining parameters assume the value of our reference point and 
the conventions are the same of Fig. ^ 
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FIG. 4: Atmospheric (solid line) and solar (dashed line) mass squared differences as a function of 
tan (3. The remaining parameters assume the value of our reference point and the conventions are 
as in Fig. ^ 



20 




FIG. 5: Eigenvalues of the effective neutrino mass matrix as a function of €2 with the other 
parameters fixed at the reference point. The smallest eigenvalue is always smaller than 5 x 10 -5 
eV. 
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FIG. 6: The red solid (blue dashed) line stands for the atmospheric (solar) mass squared difference 
as a function of 62 with the remaining parameters fixed at their reference value. The allowed 3<r 
atmospheric (solar) mass squared difference is represented by the upper (lower) horizontal yellow 
band. Our reference point is represented by a star. 
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FIG. 7: The solid (dashed, dotted) line stands for the tan 2 # a tm(soiar,i3) a s a function of 62 with 
the remaining parameters fixed at their reference value. The arrows on the right (left) of the figure 
indicate the 3a bounds for atmospheric (solar) neutrinos. The CHOOZ allowed region for tan #13 
is represented by the horizontal yellow area. Our reference point is marked by a star. 
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FIG. 8: The solid (dashed) line stands for the atmospheric (solar) mass squared difference as a 
function of A3 with the remaining parameters fixed at their reference value. The upper (lower) 
shaded area corresponds to the 3a allowed region for the atmospheric (solar) mass squared differ- 
ence. Our reference point is represented by a star. 
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FIG. 9: Mixing angles as a function of A3. The conventions are the same of Fig. 
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